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DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress Barkhausen 
noises regardless of the intensity of magnetic domain 
control layers and to obtain high reproduction output 
even if an inter- electrode spacing is narrow. 
SOLUTION: This head is formed by constituting a 
magneto-resistance effect film 10 of a laminated 
composed a first ferromagnetic film 8, a nomnagnetic 
conductive film 20 and second ferromagnetic films 22, 
24, laminating the second ferromagnetic film 24 on an 
antiferroelectric film 16 and arranging the magnetic 
domain control layers 12 on both sides in the transverse 
direction of the magneto-resistance effect film 10. The 
head has a pair of electrodes 14 on the respective 
magnetic domain control layers 1 2. The head has the 
structure to pass currents only to the central part of the 
magneto-resistance effect film 10 by making the inter- 
electrode spacing of the respective electrodes 4 
narrower than the width of the magneto-resistance 
effect film 10. 
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H«ttM*®IBH] 

«»E»a#©h5yi'ffifc:*rj6Lfc:** 

MJMKoH«t=Mtt LTEga nrcm&mwm t . aK 

tlfc-»©*S4:*ffl|^., ffiBtt*i;&&i$£Mttt. Aft 
ffi&Jf ©SH-©3iSafflBli, SBEft*l6l**HSSti&mJi 

T. 

3»*K0W«K||*bTE«anfc*K*fPJii:, aE 

*» s IC «fc 0 awb^rft^jefls-r *#■ X KMIK 

Jf©fg-©3£at£M£:. »Yt^**H3£*nfc¥JiXtt 
fflgcJf ©^-©SSafflgl^ IWESS-©StBMtfll£*=. 

©ssattsi £ ©w k m a $ tifc#att*#ji)t t . mess 

[»*B3] «&E»«#©h7y*«K*fJ6Lfc** 

3 ©*»©«#** snfc«»«tt*»**t£. a^ffitn: 

«w»ji_hcajB*nTaa»Si«i»«tt«aw»:«tts 
;nfc-*f©«@ wffia»«sts&m«tt. aa 

«»Jl©lil-©3£att«l£. »fl:*iaj*«HS*nfc¥Ji 
X««ttJi©£=£.fctf*=©3aattflt£. MESS-© 

©statute. (WES— ©3£aitM©±K«jf an-r* 
me— *f©«is©— SB*^ti^nffl(E^H©^attis© 



©*§<£ o t>!fc<»j&3*rrv><5 c tsr^mt-rsa^s 

»JH)lOH«CIH«LTB«a*ifc«K«!IIJIi:.' IE 
MffH ± I'M * nr«ft fiSt8S»« t S*W $ 

nfc-*t ©««£*«*., mm%m.mmmmt, m% 
^^©^-©^attiiit. a<t^ifi)^@^snfc»i 

E*-©»«ttitA«-f ©«{b*i^sH3e-ras»«tt« 
t> l < BMSEii caisnrna mm.WmM^m. 

ftfc-*f©««<!:£ffi*.. ftftE&&&tt&SKtt. a« 

bmk** 6 ©«»c«fc o *fls3Erift3ft«*ft-r*J|iJixtt 

Xte^»/f©M§-©3$attffll<h, MB*-©»«ttHi 
G*-©Miatt«±C-€-©«ft*lSl*HS-r*E»«tt 

tfrE-*f©«®«t8Eaas* i L^Ji©' : f'Da5(c©*.fl: 
• s»*Bt©pffi!jfc»Sf LTE«$nfcaKiw**a:, tea 

^nt-^cilt^I^.. ffiGra&ifHMtlll*. a 

««ai©^-©3satti«t. «fls3Sria]*tH3tsnfc* 

©?sattm t i§— © stattisi t © m c jf a £ tifc »— © 
attMt, MtE^-©3sattMt^H©3iattM 

t©Wt}fA**ifcJB-©*«tt**Ki. MESS-© 
tt«l4*-Oillt«®iC«i« *IT* 0 . MISJBr 

!WE-**©««tttMrEaa«ttS»*IHl© , f'C.''«K©*« 
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tifz-ttcDmutzmx.. mmmss.tmisimm\t, was. 
mmmfcfr *> ©a§? \z x <o m^m^mt l mem \z 

wfc3EFi«3WH***ifcj|ijixB«»ji©»=©a«tttii 

<h. ME»— ©a«te*l£*:r©»«teIJl,i:©fl|JCJtA 
*HJ£T*R»«ttJ«'b L- < H*^i5It^tt^I 

F. 

a©a«©«i««ajisti«:«««sta»«i«t. a^s 

«i*Mt©Wfi!fc»S5l/TiBB$tifcaKiWIWii, BE 

nfc-»©«it*tA. n«jgfctg!)mK«. agues 

©Blf fcj: r>mtttfoitfi^?*mMJLtiMm 
«SScJi©Sg-©giBttffll£. jWeSS-WBfflBttiiaiSS- 

te*;5\B5l8l±fC«Jf ffie&«£©miH4til4E& 
»*SU»*JJt©«J: 0 t>#E< »*SftTV»* 
tf*aaSfex5Ki*M^-j/ F. 

9] «»E»li#©H^*«fcttJ&U&;*:S 

a ©«»©«*««» a nfc««*tt»»M£, Bast* 
sa*«©wfl»»c»«LTiB«anfc«K«»»i.' be 

mmm#frz<Dw.mz,j:om.fcjjmt)m<t-r2>mf§x.te 

XI4||»»©»-*J:tf»HOIft«ttili. ME3I-© 
M«teM£»-©!fi«ttai©raK#XSnfcjB-©# 
Btt^Kt. lfflEJ6-©a«««i:J6=©3S«tt:Bti 
©IWK#A*n&*-©*«eii«c«ti. MESS-OS* 
»tt*ttillrfi»=©»«tt*t©JiK*HS*i. f»E»= 
©3£Bfflgl«. fflE*-©aW««©-hK««;*ftT:fe 

SSMttlfcKttMSSItSWb- MESS— , 



^-RtfSgHW^Bttl&te-ttWitfrER&BffiRfc L < 
tt* ABHffllffl C» W & tlX W * BMiSiri^m^ >\ y F 

HtB— *# ©«« ©-«**•*■ ft-etiflflEJBH © 3£B14M © 
«fl:*lft * H36 U T ^ * R&BttlBI t> L < tt*X«5JDt 

SW&SSKy F. 

M<h*mwt'«^atifc-»©«@<h*«^. mebsc 

J£K$jJflM«« »»E»«#rt»&©«JM::J:D«ft:3Eria) 
WE*zi©3l«ttBI©aft*iai*Hffi 

(caaan, WE#«ffi©BgRs^mEa»»*ija>mM© 
Bio fe*<»ri6snTnact&»«fr*«a«tft 

c»#«i 1] saaBSfl^o b 5 y f«c»*tfc* 
* a ©«*©«*««» snfca«»tfis»*iitt. its 

©tSS*tt©P3ftJC|»ttLTEBanfcRM«tt«ta:«ca 

*»anTa«iafiiS&*Bti:«»wfc«itt$nfc-**© 

^©^attl^i. »EJB-©»«ttDtt«^©«iatt« 
i©IIBfclfA5Sftfc#aitt«MWBlt, WEm-©3fiatt 

Bt©a{is*i6j*Ea)e-r*s3fiatti)i"bL<tt*xa5ifi 

WE— »©««©— «3*«-€-n-€ t niWEaaa»t«!i*it± 
fcaaati, ttrE#«ffi©RgRS^WEa^;e$i^*M© 

ftJRS'sy F. 

*s ©«*©«*««» *tifca»»st«ft*«tt. a^js 
*£*attfc«ttsftfc-»©«i£&«jst, tdiei^ 

«««fl;-r***Xtt*«cJB©JB-©3Satt«ti, M1tJj 
EJB-©»«ttl)tt»-©9S«ttiti©IWKlf ASnfc 
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T. 

o*>*<»fife$nT^«j:a:*i**fr*«««K«!i* 

m^y F. 

et^*JR©PffliJ KRS b TKfi S n&K»fflHtil i «c« 

ttM t ohmr* h is. zm&mmm t . mmmm±\z 

t. j»EIS-©!aateISIt 
£©Mfc#ASnfc#«tt*<M*t. ME»-©ai«tt 
« * S^-T * R 3£att«l t> b < tt*^»5K 

tt*^«5IKJt»::8Ui;£*l. flttB3-ttS<DIKIHWfittE& 

i 4 ] a&iEftiXfrQ b re* 
€r$o*«c©gt**«B$nfca«»gi3»*ita:, a«}g 

Mt, ME8-©»*ttKti6=©&8*tttt£©raK: 
#A*nfc«-©*«ttlMMlt. 1WEiS-©M«ttK 

mmtsn, «reniH«>!t«ttjKB. MEts-wsaaMtBi 

ttS**«©P9ffl C»» bTEiSc? tlfc £3&attffil t i&a 

mm s nTa«astj»*« t *«w tcs^s n&— **© 

«<£t£«*.. MEttMStHMURll. tt»E*(*#*> 
6 0Kfl;*iai*tjgft-ra#JiXJ4«»JIOJB 



«ffc2flfll*»BJE£nfc*IBXtt**H 

ssi=©s$attffii t on »c jf a* nfc*-©*«tt*fl-j» 

t. ffiE*-©36«teiltfli=©»«tett£©Mf=#A 

anft*r©*att*#it, ffiE»-©»«ttBittiffl 

E«=©9S».ttJBI©±K:*Ji3ft. H.E*=©»«tt«l 

ME*-©as«tt«t©±»c«jisnTfeo. mess 

Sllt>b<«7l<Aa5!«t£*rb. MESS-, Szi&tfSi 

i»E-»o*so-«**-tti-6nittEas=o3§i«ffiBio 

ttfl;^ (61 * H 3t b T ^ * S »«tttt t> U < *^«SBt 

±ic«@$n. WB#ma©rafii* s WEa^»ta^imK 
©*B«t o ^$ntna c: t ^wtttssag 
mm^m^y f. 

1 6 ] ttBSftfttAttMftofftt. WB-*f© 

wmt-rsw^js i~i5 ©t»-rn*>tcE«©«ft«fit 

[*W17] jWE-*f©«ffi©#«ffi«, WEa^ffi 
trt3S^)K©4s*|6]«gKfC^ b 0 . 2 5 ~ 2 *i m©$SB-e 

i ~ i e 0fr>mfricGtt0a&ttiftft*9'^y 

[»*|18] ME— #©*«©*«WIWtt2 /imKT 
T»*Ht*«r«i:ra»*5il~l 7<0Hfn*CE 

*©«iW6Sia&*ffi'\v p. 
[«^qii9] is«*aftwtEs-rsa»Bs«^ 
t, «a»B»awa»5»aT*a#©*fl:£«»«*i- 

T. itEBtA^ Ptt. I»#JH 1-18 ©V^-rtl^fcB 

[iw*jS2o] ««*a^;«j('BS-rsa»B®fflE#: 
t. m^fi^^jsbfca^*^^bci©a#c«ts't»ffi 

*ME«aE»«M*c»wE»$-&*E»^y Ft, a»B 
SAyHt, Safety K;0>e©*Aflre&ftl9rsB£ 

fflsiii»t&«Afca«E»w£SKK:*5^-c. ites 

Sfw f*tt, m$qf 1 ~ 1 8 0V>m#k£Ett0ttjMK 
tajam^'N-y K38»6&ac:i*4»«fr««ftE»Wft 
SB. 

[0 0 0 1] 

[*WOR-r*SiB»»] *^BJ«, 0r82Mft*UK£tiB 

(C, E^amitfex5«6*^fiJfflbT, a«E@«#©1if$R 
51^2.84^7 FtbT#»fc«««ift8&*ffl'\y 
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[0 0 0 2] 

[f*©Sfr] BAGRP!£Sli:»efli^y Kit* 

#ttaftffi#t8&**f"JfflLfcAMR (Anisotropic Magn 
etoresistive) Fifitil <Z>HX^&. CWAMR-^-y 

[0003] m%.Mfflmwmtt<z>tifrm— tftcAMR 
A°^->->^$nfcaK$fjfP«*^iaMSimM (m 

-©&£(::«*>> M 5 <P£i©!&fiBgB (— #©« 

[0 0 0 4] A"^-> F • X^X^j^v^^S/SL 

^S»19SI1 0 5 (1 9 9 5) CEtSnTlf»4 
<k5C. »K«0»B©IKIIH*«*nni»K«:^T**<-r 

[0 0 0 5] gltftOAMRA-y HKHSHTte, MS— 

Atf. #H¥3- 125311 ^iCEl*ntl ( J4.k5 
(C, A- HAW TX^SS^SfflSttT^-S,. d©?j5S;te 
*»«*IC*T?#tfTV»fcMRfltCDiia«*«OiSb, !£ 
««C©*K:MR«£»J«U '©MRK©pgffliJt-*^ 

51:, UcSEttBil (SSattM) £H3iSE£ttlgl£©«Ji£l£ 
JH^Jtfc©a**S3fc£*lT^-5.. 
[0 0 0 6] A- H/H 7XM?:Sffl b t AM R^-7 

n:j:nn m%-&* *H#fF^543847o mztzmzn 

»OAy K^#5tl5. L-frL-&d*e>, Z.<Dffij£<Ds\y 
KH. IfeX : IEEE Trans. Magn. , vol. 3 2, 

p. 6 7 (1 9 9 6) KBfSSn-ri^S.kSK:, ?nxh 

[0 0 0 7] — AMR"\y K tcft -£> ^tHrf^cD^Sjffi 
SSMR'\7 Ktl/T, 0U;U£, 4#H¥4-358310 



^7^^ ri «a«t«ja*i!ttuT, w&mmm** 

013 ^S8(~fBfl££ttT ±51::. Ta7;^-f7© 

xt:>A , ;^'\7 F**ifsg£ftT i©^3.T;Px 
»#j&»5©«JMc«fc9«ft#ffl#*ftT**— ©»«tt 

©MKJf MS-© 
3iI&14M£M§H©3i!ffi&ffi&«. »-©»««■« fcat'LT 

«*rr s«k v tcMi-©3testtM©±Tfc«^$nT*3 

[0 0 0 8] ^tie.S-Xtf>A*;i/^-y HTtt, SS^E 
»«tfr*> 6 ©»#»:: «k 0 BMfc^iSjaqgffrr £>©WJfl-© 

[0 0 0 9] 

[^^WStLi^i-r-SMB] Xtf>;tj^7 Htt 
AMRA7 KfcffcbS'W Fibtai5nT^5^ A 

[ooio] si-©5*«i4j«*Jii-©«KKH 

•p^o L^t>. d©A*;i/^A^-tf>/-rx«. xtf>/\* 
n«. MJSLfci5K:^li>/t;^y FTte, Ml-© 

— 35r. AMR / \7 HTttMRjK©SMt£*W>4 5° tfifi 

If (IE, ft) *EPSPUfcB#. *-©3a«ttBtSH«©«fls 
ilC^^AW Lfe+^t'&^la, f§-©3SffiS14K 

IKT2&S7&^T?abS. cniC^fLT. AMRA7HT 



(6) 



#M¥9 - 2 8 2 6 1 8 



CO 0 1 1 ] *K«W»©»**«»*a*+»S: 

K*<»lR£*l*fI. MOtE»t^t<ft^ui 

(c«1iP B 1Bi<&2 /zmKTtc-r^i, F ©«««## 
©!g*©9 0 %«TtC<£T-r-g>o ^O^*©iST©0H 

«k o T«ffiWBI^S5 < & 0 . ffiSKSiJffllg ©SMSW3fi< & 
*tl/T**«sftTt«. ffcoT, ffi*(5A-H/H7 

-r*£, c«<js:o, a&iesT?££c©£ 

»ff*»«iip-r*. :o^ftLT. «a&g?f££B© 

[0 0 12] SC, *KffiM09ft3ft*&«&«-t-£-tt 

■ ©3ftS*3STR*T**S*/X-f TXJt^2©*^, 
H©iH*«**OHiA0 6 0 XgftCfiTT*. - 
d-e, S^AWTXJttt, aKiWflfJia<*^a5©*§ 

^, *xi5K©s®i*ssb r b.mm t £©«»« 

(Br • t) <h, XfcfWW^'Vy F C&ttSSg-©^ 
attJ»©ffi?naJfc®gEB s £B£J3 t £©«JMg (B s • 

t) t<Dit-vmt>an2>w.-i?&z>, sfcfi^AW txj± 

iit^CDtll (Bs • t) XKW^AyH 

os^ffi (Bs • t) <h<7)jt-e«to$n-5ffi-f 

[0 0 13] HK. «K«»»tt»-©!a«tt:*t£tt8iJ 

&m&m&v mfeznx^ 

[0 0 14] tE5fE©A— K/HT^Ufi© 

XK>/U^y HTftt. ^ F©aj*ltea&$fflJi© 



[0 0 15] ^BJffliWtt, «£MHW2*t'>«£K:tt 
[0 0 16] 

# s ©«& <om*g>m izmm s nfc«austiisa*Mt t , 

^(Dmit^m & mfe-r % si&M&m %> l < liMie 
M±tctt« sn. irce&*3©Mifftf 

jRSJ^y KS«fi£Lfct>©TSS. 
[0 0 17] Sfc, J E-©MH|tt0.2-5~1.5/imfr 

[0 0 18] E*«««ta«i***iJfflUfcSBat«*tS&* 

fc©tctt. -#©«io— *3jt**i*na«ER!jimaui 

[0019] *&m\*. &%m&®kfc<nh'yyi>mzft 
t, »«ffiStS»*lll©i5«fc»8SLTE«*nfcaK«l 

*£-**©**£ MEa^sta 

J:Z>*^H©^attK<t. iMf3fg-©S$affig|£m-©3£ 

attBtt©mf:i*AsnfcjB— ©#«tt*flc«t. we 
^-©3fiai4i^ t sen© ssattii t © n \zw a * nfc* 

n©*«tt*flsj«a:. iWE*-©»«ttBltt*=©3aa 
M©±(:«S3n, mH©3iattM«^-©§iai4(^ 

©a^iei^s^-r-ss^attiMfe l < 
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[0 0 2 0] *<Dg*«ftJ6tt»J|i£fflflIbfca«JftSi 

^5t)©cti. -#©*@©-^#^tt*nmrfBM§$a 
h < tt*x«5«tcawan. #«&©ffiis#a 

[0 0 2 1] *%ifflIIgR||SlA-> KK&WT, 
attH C teKS&attMX «*^a5flS * ffl ^ £ © 

[0022] a«jgin3&*ft©*afei. 

[0 0 2 3] -»©«s©-5 , 6«smiHs»jt-r 

[0024] si;, — n<nmm<nmmmm^2 timu 

T. #C2 wm^iS, it)0.25 ~ 1 . 5 (im tctgjg 
[0 0 2 5] *«W©»»»tfi3**S!'sy KttW^y 

So 

[0026] ( i ) ttftg^ttrceflrr stt&eetg 

[0 0 2 7] ( 2 ) If **aaWC3HfitT S«amiH#«| 

[0028] o) mwt.-fr<D±m<Dw.fa.mmn*kmm 
[0 0 2 91 satBLfc^^('j:n«, <««ss©ffij#r*i-r 
\znmmn-r, m&.fflfflmfrzomft(D&w&g:mz 
^ 9 a > / ^ x*»58*r a © * aiwr * c t a*r * 



[0 0 3 0] 

(HlfeMl) H1B. *38«CffS^t:w^'\yH 

10, IEMIIIl'2, 1 4£«*.T*3D. 

Oft»tfi2»*BJtl 0**E9ft«ttgtl 6±K*JI«arftTW 
-5 . «&&tt&;Klt 1 0 tt, a^fBH!«#© h 5 y * « 

£MRI*. S-©3tattMl8, 4Hft&*ttK2 0, tK 
-©3£attlH2 2, 2 4*»S*J*S*rC*SB, Sg-©3£ 
«ttJR2 4*»K!Satt«tl-6±lctt«$nT^*. dtl 

Bfffio« («««ttS»*ito« 2 6 ) test 

-OMlttRl 8«iffiStbT. WAtfNIFe, C 
oFe, CoNiFef&ffl^TM^tl, Mftt5n 
m (W*L,<«2~1 5nm) K!S:j££ftT^-5. #a 
tt*(Mlt2 OKtt, «itfCu«tfflV^nT60. KJ* 
tt2nm (*f*L<ttl~5 nm) KS)fe£tH»a. KI 

- ©sfinttM 22, 2 4 tt-en-tnHjtsi i Ltaii 

^LT*3t), *-©»attIlt2 2fctt, MX.I*C-o 

«ttIS2 4K:tt, 0d*.«N i F ej5*ffll/>e>nTi5*3. d 
©■Wttl nmlcBHfcSft. »SKBfifTl~5n 

D , d©JJ£J9tto 0 nm (ffSL<(42 0~8 0 nm) 
l:^3nTU5„ ^LT«-©Mttl2 2, 2 4« 

*©wt#ifli*»E!Mwai 1 6i©j«»6t±5TK 

ttBI 1 8 ©«ft* [SJtt, M*tfrastfl&xit0M3ri4i 

m,-v>m&'&mi 8b«=©m«2 2, 24©^ 

©f$=fcO^§<fi2~3fg©^t^Sft5„ 

[0 0 3 1] aEfiiffi)« 1 2 tt*XMSM2 8 tlEftftJ 
^TiftM3 0 t*t«JBSnfc«IMtTf#l«SnT*t), 
aEftJfflJl 1 2 tttt£Ug£i$&IJt 1 0 ©««^(fi]i32H 
-ratB*[S)©^©Mffl'JfC|»SbTiHeStlT^S. * 
^5l^2 8d:bT«, M^tfCoCrPt*©^ 
fflt^ntfeO, IBl"Jft"HIT*JI!t 3 0 tLTB, lOn 
m L< «5~2 0 nm) ©Cr*<ffl^&tlTV» 
S. *LT»K«W»Jil 2^6»*-r*a»C«kr>TJB 
-©3tattM 1 8 j&U*— ©«KKlttWSft* «fc 5 t'^^ 
TV»*. aKiWfflB 1 2 ttJB— ©3fi«ttl)t 1 8 £(3«H 

<(i4~3 0nm, «fc D 5 ~ 1 5 nm»S L-^) T'$> 
S. 
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[0032] — ttnnm i 4 \ttn j enM&mmm 1 2 
±izmm^nx^D. #«ii4o-i^-o»ttt 

1^32 *§oti-©«i 1 8 tm^mmm 1 

2±K«JBS:tVC^*. MH4H WAtfAu, C 
u, T a&£*©&JgT&j££nT*5?K &«ffil4©« 

mwm 3 2 littauEttaitKofl 2 6<t^»<^s 
fro**. 

[0 0 3 3] Xt:>A'JI'A7h'TB, fcH^ttXfcfWN* 

n©5ft«ttffltoaft*isi©tt-rft«A 0 ©&&cos a e 

tom\~ltm?Z>. ^LTttJgfti^ffciA pjJiAMR'N 
y KtJt^T2f&JK±ii5l/ii:r5^e>. X fc! >A';i/ T/'s 

fcizmfeV fzt-tZ>£. cosA0 ttjg— <2)»ttftK<Z)tt 

te#fliii##fflK£©&TA*0£JB^'T\ cos(e + 
9 0° ) tSSttui*<Tt5. -T&fc-S, tti^tesi 

[0 0 3 4] @2I1 XfcfWOI/X^y KG)K3i!ffiBttl8l 
1 6 <t LT, NiO^ftfeOlC, FeMnl, NiMn 
m, C r Mn^&i*©^&£^fcXfcr>A;P:/'\-.y K 

(x. ma»ta^*M 1 0 ©ae^is]*^ 1 tit^u 0 . 

m^,ffitn:«l*Ml OiKRMHBttKl 6^IStl5. 
01, H2Kwbfc^m©«^tct>, S3Smi4 

Mi 6J4*xasitc«*-rsct*»Tf**. *Bnstc 

[0 0 3 5] @3H Xt!>A*JPy-^-y H©a^»<£:S5< 

©flSfifctt. 13 3 (c^TJ:^. ^-<DMttI18, m 
tl1ttli-<Dim#Mll2 2, 2 4, ^E© 
&tttt«t3 6, 3 8 , JB-©»«ttBt 1 8 iSf-03fi» 
1412 2 iOMCjf AStlfc*aBltt##it2 0 t. IS— 
(D&m&mi 8 i^H©lBM3 6 tWUlJfcjtASn 

M2 2, 2 4ra«H6±II«ISn i 
&K4 0ttiE«aiffl3 6, 3 8±fC*»l£n;t«t 
Ut&5Tl>«. Jg-©3£]&tt®ll 8iia*itLT, 
NiFe, CoFe, CoNiFeHSl^T 

12 0, 3 4Cte, mZ-teCufim^ibft* MJP«2n 
ml^^ntl/^. ^-©3S?KttM2 2, 2 4*5<fctf 



SgHW&SBttlJl 3 6 , 3 8tt. -t*l-e*lBJSJB£UT« 

6\z\zm?u-£c owm^zn. t*>\zmmt$i n 

ml:^SnT^5. S^KDSMBttflt 2 4 . SgH©&S& 
tt!3 8KttM*.tfN i Fe«tffll>5n. ifcKMJStt 

1 nm L<«0. 5~3 nm)IC^SStlTli-5. 
S^ai4Ml6, 4 0C«NiO, CoO<?K'fb*^»F 
eMn?fc, NiMnl, C r Mn^©-&£&<h*fre>S& 
abfcfeOjJtfBtftl*. ddTS&S&ttJJSIl 6, 4 0tt 

2 2, 2 4©5-&H-ma>— ^Sr^BS-rSCifeTfr. 
IHatC^H©?iliEttia 3 6, 3 8 © 5 *> WTtt*— 
#B§T-5dt t>-e^S„ ffi©SS©J¥^«ia 1 

<E> o 

[0 0 3 6] %.fc±m&X¥>/Vl<7^y FKiJUT, 
*^a5)«2 8 tt. NiFe *^tS3fi«tt«t"C** 
FeMnl, NiMn^, C r M r t*©-&^t©IS 

K 3 0 ttT a & E KB* Lfc#jJ« A H«Ht **» S n§ . 
SSKffiijaai 1 2 ttttft&ftft&K 1 0©±®cfc0TICjg 

[0 0 3 7] @4tt. *^BJ[ci5tt-5^.tf Wt^^y 

T«)tLfca^ii***-r*iiBnf»*. now. m—<o 

n«, a;i^ a ^ -tf > y -< xa<«jffl s nx <^ & c t # t> 
cn«. #«® i 4 ©morass 3 2 a*&sufttri#i 

*H©fi2 6J:Dt)«E<KSan. SMfifiMllO 

© 3 A^i/ a •> a > y -r x©5i^iiiT' & z *sg& k 

t£<ThmtSlZ#>-V$>Z>. d©fcJ6, SSKftiJffllHl2© 

ffl^Tfc, a^ffisw^«©K»f^ : £ / >^<-rsnt 

[0038] i5it m&Mwmo&-istf-t-ftts.®&£ 
lt. fi^A-fjxjt* i. 5 ELTzmmmunmmm 

*%BJ{-^tt^,Xt!>A*;Py'\-y HfC*3t»T«, 

1 4 j&tjg-©»«tta* 1 8€M3IS88 3 4K»JSL ) fc* 

-A'-7yy«0.5fim <hL. ttfRfiSt^JRffilOMI 
26£1W32+I.0(im Ll>T^Z>. 
[0039] H5*»5. *»AyFl;ftmi S£* 

©^y KtllSSoT, fMFalfiS 3 2 0 . 5 u m t.Wk 
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[0040] m6\t. *&mmm\z*5V2>7>\d>/vi-7 

EKfett-S'N-j' HOt-;t-7y 7 r a»ife*<i:t>fc 0 . 
5 Mm iLTHi. ■e-LT*SMWtt#^y Kttfe 
1.0 urn tLfc. E :T?-f £ □ h^y i7<ft&\t* fig 
aiBi)lt#±l:H5y^l60.2tfm a&<Z>lfflt>&*l;: 

T-e&m 2 -5 z. t \z «k o e> n -5 „ 

[0 0 4 1] 06*^, *JSiOA7 K©f li 
Bl.O/tm fc*SMIHC*b<. 

0. 9 /imiSSfflRS^OfctrLS^^. 
[0 0 4 2] tZX\ *f&miZ&L2>'\y K 

K©£«Kta*ttO. 7 8 Tabo 
fc©C2tLT, #§89i«D'\y KTttO. 9 5 i^2fij^5 

v»8***#&nfc. nojes^s-b, *^©^\5/h*tt 

[0 0 4 3] £©<fc3lt. ft^A-f 7XJ±#*#<. 

awi«*«*<ja:-3fc*-&T*>. &mmzz®&T~2, a> 

y^««<bStlTt>. ^ACNyHSl^ftti, fig« 
[0 0 4 4] @7(i, tiMHA<l MmiS*^«^©a 

[0 0 4 5] 07A>5, K©tti7j£#5fe©tti;>J©9 
OXBLkfcfR^ifcafctt, t-Zt-Jy^iftO. 2 5 

^mmzitmmmzmmfimn-?. f&mam^&mn 
mmzofrnffifimn&w. m-t>&&<u~oz\twv 

famtt-^y Hit5fc»i:tt. Mil 4 ©$fcSSfl9©S8i 
gptt&^t fetCfiSSCJaSx^JK 1 0 ©ffi*[fii©Si«J; 0 
fcO. 2 5 lira JK±l*i«fc&* J; p (C|E«-T-5 H £ 

[0 0 4 6] — t-/t-777 p l^D^g<tS 
<h, «a«*MS*ffltl 0©rafflJK:|»«LTiE«$nT^ 
SfigKfMffljf 1 2©3»*tf«««fc3;TiO:Lfe<fc 
•5. tftfo^^«©Xh:>AJ|/^y HTH, fig-ffc© 

«t>*£jtry^ o 1 4 

©f*HM©3ffigB©6g*re&-5. cina, eiofg^Tmsitc 
£&/W7Xfig#©*ai;na*£i;£frST*-5. fto 
T. &mffi©SSSB{£Bfc:*5I^T. tt8S£«fc-5A-f TXfig 



[0 0 4 7] Bl 8 HttEfttff J8 1 2frt><D$mt.$£%iWl 

a*tt«*t<ow«s*«>ft:iB***-r»igT?*s. 0 

£ 1 OlKfy FULkKf-SfCfci, figKffflfflJI 1 2^ 

&*ffi4c>nm (ftttffl) ©sashes, a* 

JSia^^Ml 0©«*|fijO*aMt«C:tfc^Tfe*tt>fc 

■^n^ti2 p. m&,T<»i8Lm?i'?f*iQt\zr£2>£. 5 izmm? 

A-5 7^iilT«. 0.2 5(imK±T2/imHT 
[0 0 4 8] 0 9tt, flPM^l.Oum £2fc< Lfc 

[0049] H9a>6. *^B^©^.y Kfctttltf, 
/WTXJt. -r&*>*«K«ffiW 1 2 ©«»©3ft*3&** 

*** Z. £& < Uit)0>{&T*i8.< Z. 
[0 0 5 0] **afi»JBC«kn«, *«MH*«K<&o 
Tfe, 2 fc^T*>Hi# 

[0 0 5 1] ««S«««tfi&*«©±fc*liTS£4: 
<T& : 1~5Q, *«B^1QJWT) l:t5Ii 

[0 0 5 2] **MHglBK:J:S^y KSETFOSI 

«ff * 38 ^ t C ©8BE» fctk * * ««aa*ttE# fc Ettc 

[0053] (nmm2) m 1 0 », *5£w<D-mmw 
mrc^^^Myn^y'^y H©«{*:j#iaiffi*s-r«i«ia 

«MF) «. a»«*tj»*it 1 0 . ^K$iJP^3 
3, -»©113 1 €r{iAT*5i9. SSmiSta^mM 1 0 

«. m%fc®mte<r>Y?yy-mzftfe\stt%iz<r)mk 
<Dm&g>m\zmm2*iT^z>. 
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[0 0 5 4] ^Jfl&te. |g-©3isB&tt§l 1 1. 
M19, »-©a«ttttl 3*»S*J*3*rr$3D, IB 

a. £tt&*flJRfr&&«atfMKSti»JltKl 0^11 
1412 litt. iiLTMStifcftl:. 
11 0 ©its (?JI-©3iiS&14!& l 1 , 4Mtttttt*K 1 9 , 
^-fflMttli 3 ©*§©?•£. *kfe*v»«-pjg*-r 
S) 5 ia*FSfr5e©;A:fr$T&£t*J*.fc£2. Oym 

Ml lttlftltLT, MAtfNl»Fe M Sffllr>T 
«t/££tU ]BtJPtt«A.tf2~l 5 nme«©M©«58fc 

lilt, 0tJ;U£N i so F e 20 , N i e! Fe„Co ls ,Co 
6O Ni 20 Fe 20 , Co 90 Fe, 0 , CofOfll, Rtf^ft 

*is-r* ^ittiMi 9 tea. mw: 

Cu*tfflv>6tiT*0. IfWli«l~4nmSSco 
ll<!>«l«i:lfc«ttSnTH4. fg-©3£S8ffiBll 3tt 

*j£l~5 nmg«©ra©«jg&ffif£lS^2nT^5. 
Sfc, I=OMttli3(il^iiLt. H*.tfN i 
itFe„, Ni„Fe n CO| S , Co 60 Ni JO Fe 2 o. Co 90 
Fe 10 , CoWIE Rtf ^n<=>©5*.©^Ofr© 

*. S5SlittlK2 1 CI2flX.I;fC r„Mn 4S P t t jflm 
^5nTtO. CO«JPJ4«A.tf3 o nmSKcaaits 
nTt>6. t^K)ltffii2 1 Ktt. ±IB©B*»C«* 
«Fe s ,Mn i0 , Mn„I r„, N i s ,Mn so lfSfflH 
S^tfcT^-S. *UT, MS-CD&i&ttBi 1 3«^©8£ 

»iaiIS»t±5i:HSSnT^5. ig-©3!tSBtt«£ 1 

£9ftttH£K2 1 tt*^«5K««-r*i: 
[0 0 5 5] ttBft|?P]R3 3«> WAtf**.«e«ti 

aEffl^iH 3 3 attfttttft^jiiK i o ®flMrari*i&£& 

C o 75 C r , 0 P 1 1 5 , Co„Cr , 0 T a , s <ffj&*fflH 5*1 

a. Sfc. ffiSKftJiPS 3 3^^fig-r-5*^58HKiLT 

Ac, C o 75 C r l0 P 1 15 , Co 75 C r l0 Ta 15 , Co 80 
Pt,^4CZrO„ SiO„ Ta 2 O s l£©gHt 

1 l#J|l— ©KKKiWWaftSi'SfcfcoT^S. * 



Ac. BEflifffn 3 3 tt. Slftttttlt&lllttlttK&eMlH 
WT*«tO«H«lT#lriE-r*c:t'bT**. d©« 

SMttIHFe S0 Mn S0 , Mn 80 I r 20 , N i 50 
Mn 50 , Cr (S Mn 4S Pt l0 §©^6.MSn, 3£ 
iMSNiFe^, CoFel, CoNilO^ 
*6»RSn. El6]$iJfflTtf!l»ttTa^A^. SfcE 
3$&t£M<hLTN i O, CoO»SffltJ5uit»T*. 

[0056] -** ©nn 3 1 ^-n-enaKftdWJB 3 

3±K*JBSftT*i!3. #«*©-«*tS5Sattgt2 1 

©«I(i5 3«0iJx.tf 0. 5 Mm CStStlTl^. f 

IMffittMIOtl5 ltt2.0/imTfel.(D 
T, S-WI3 1W:. «SWSI5 2*U . 0 umlZ&ZJ: 
5fc#&n£tf*£. SSKfWfflJf 3 3iS5iBtt»2 1± 
KSUlStlT^S. #m®3 1li. 0iJ*J;fTa, Au, 
C u<P©fi«tft©AJRT?«J«StlTV»*. 
[0 0 5 7] 01 IK*. K3i£fi&tt§l 2 1 t LT±j&© o - 
^©f^^OtrNiO, C oO&<D#Uk®&m^1t7.¥ > 

1 0 tS^lttl 2 1 ©«g£(6]#0 1 0 
<h«S£t9, S3S^ttm2 1 ©±K«««tri3&*J* 1 0 

#««£*i3<> i^T-«oii3i«, -tn^naE 
si^ttMi loicaisftx^s. &*3. saws* 

0 1 0 t^JiST&S. 

[0 0 5 8] 01211 Xfcf>A*;i/^-y K©S5ft*ifi5 

II 0©fitj£te. K3£G8t!feffil2 1 ©J:K:*-©3Mftttit 

1 3 , #aStt#^flg 1 7 , S§-©3£8BttJ& 1 1 , #S8tt 
i^M2 3, SB=©g&«ttttl 5, SM14I2 2rt*Is 

1 «gf£lJf £LT. «AtfNi M Fe„, Ni„Fe„ 
C6 I5 , C o 60 N i 20 F e 20 , Co 90 Fe l0 , C o^© 

1 5 nmlSON10SM»:SS^3nt^5. #ffl£tt 
ilttBIl 7Sy«tt«ft!2 3(~tt. MitfCuiJiffl 
<a£>*1T*5 0. ^JSteflJAfcfl nml^fflfslOi 
I&*l:«ganTt»4. SroMttli 3&tf*= 
©MttHSaiflcLT, mA.teCo, Ni 80 F 
e 20 , N i„Fe 17 C o 15 , C o 60 N i 20 F e 20 , Co 
jjFe^fflill, R^cn603-6«)S|t3A»0«H& 

0iJA« 1 ~ 5 nmS&©P«9©&jg/«ctf fciS££*VO> 
2»o £36ttftK2 1, 22{C«, Fe sl Mn s „ Mn 80 
I r 20 , Ni 50 Mn 50 , C r 45 Mn 45 P t ,„#©-&& 

■*>. Nio, coo*©«te»#&*a&t>©a»a«n 
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S„ ZLZ.T'. 2 2 ttH-©ttfiraRjS 

SuttiTts. ffi. &ffl©jp$&0 1 o tiwutTfe 

[0059] 0 1 0 ~0 1 3 QttKfflfDJiOffiiK&tf JP 

[0 0 6 0] £TF. &5£m<D^¥>S-<)l-7'\v K©— m 

5. @14(iI10 tC^TX tf> AJP^-y FiHl 3 
C © — 95 £ M R J&± fr L- ft it & © A M R 's 

v F£©W£4*tt©Jfc«*fr:3;fcilS*T**. A*. El 
1 3i:iLfcAMRA 7 Ftt, aat&&t$l:&K 1 OtL 
TMR14 1 , tr 9 1Tal4 2, SAL4 3^ILt 

1. £&»MR14 l±tc8S«$tlTliSSC»©*S5 3 
(aBa*fl3 3ft>e>#*a3 1©«^*T©^S8 
-A-7yyi) SSEflsSttT. KOff£tH*£a 
JtUfc. ««MM5 2ttl. Oitm -StL, sf-A*- 
5«; 5 3 Safls 3 Ctt. afl&ffiaJHK© 

*S5 1 t>I^^F(C^bSiirfc. 0 1 4 KtkTJ: 5 IcittSt© 
@13©AMRA7F®S&. t-A-7'y/i5 3* 

#fPJ©Xt!>A;U:/'\-y H©*^. *-^-7»; 
^15 3 S*S< Ltf ^©ffl*±*ttf Xfcf> 
/VV^y FTB aKfffl«B3 3© 

a»Taa©«<&oT^Sa«»«8*«Kl 0©tB?j 
ft©$Sig|$«l*£*. ftti3lW-n-5y.7t«Ct 

^awcaaasaEsr, ««©*^+*«p 

4J-©W*©*.*BtoaibTUSfc*T»S. -?5> AM 
R^y HTuWM^tt^.SO <h^bn&U©te, a§C 

t&mmmi o©? 3 i^-A-7 7^ifc 

y^OttacAsafcaa©*"!*. #3S B J3 
©xtf>A*;p^-y Ktf«aJ6T/hS^. cin«m— © 
Mtiii 3©afl:tta*». ««EKJ:tjT*fl;lx»:<^ 

KKtt, #113 1 ©— »Sfiaatta2 Hp® 

[0 0 6 1] 'AiZ, t-A-7yyi5 3©SII^ 
ai4^6>. *5SM©'Sy KfC*3ViT. -^-y F© 
tb7J*«7Ctt©9 0*BI±K:«^&«>K:«. *-A*-5 
•y^fi5 3*0. 2 5 Mm E^fcfftfcf £***3J&* 
*. <koT, «E««WWT*t)a*«6!lS*!*a'Sy h*«t 
TS&i&fCtt. #«S3 l©ftaa©aatt. 
icaa&ftaaffi 1 0 ©fi;?ffl©a» «t H0.25w 

7j. *- A-5 7^i5 3*£0*€<T3i:, a^lg 



13 3©M*«*«**TiSRl/ft<)i*. ■*-&*>•&* 
»«oxi;>/w^y FTTH, a<t©«<b*£jr7?y 
•f X*£»KfcD#**$HMHt*3 1 ©5fe«filJ©^a5 

^i#oti©^ti;5*e.t»5. Sot, s*n 

t»— ©»ai4«t 1 l [CEP^)Q;*nT^>3;:<^:rt<a;i;L 
^>. 01 5tt, t-A-7 7^I5 3 <h. SffiSggBKiS 

t-/t-7y7*I5 3 te2 MmaTI:tl.i6^Ci:^ 
t>fr-?ft. f &fI3 1 ©5fcS<BiJ©SS${ig*. 

am}gta5a*Mi o©its7j[6]©s^fietci±^T. 

£ ic-tn-fn 2 /Li m{y,T©SSHTf^{ffllc^i;-l>ck -5 tcSB 

A- y -y :/» 5 3 £LTti> 0.2 5(imH±T*2 
ti ml^T ©IS H P\l \Z $> & Z. t. ifim * b 
[0 0 6 2] iai6«« XK>;^7*'\7 FCiJ^T, 

*»9i©«k 3 fc^-A*-^ «e*©. 

s\y F©«fc 5 Ksf— A— 5 s/ ^'«* 1 *IV^^-©«SWRS 

<ium) *fco©m^j. -r&to-Baaiaswai:© 

7Hi:*wtt, #«;1S3 itf£&attK2 1*8541 
IC^Lfc^-— A— 777°I5 3*0. 5 Mm <hU a 
fta0t3»«K©« 5 1 **SWa 5 2 1-. 0 (im *SD 

a. «e*©'\y Fttt^feoT, mmmms 2*«o. 5 

[0 0 6 3] Sfe, *%|g©7.tf>A*;i/^ > '\'y FTte, 
R3isattW[2 l©-»tc&a«3 lAJlISftT^Su 

*sj«f •sdttwjcoT. Fijtai/fc. « 

@P H 1Ri«. tfctC 1 . 0 wmtL-fcc fe*5. V-f^Db 

ft-st*^-;/ F©T - r^s&^-&sd£{-«toT*«e>e>n 

S. t-A-77^i5 3^0.5(im tLtz*5£WCD 

^ih77»Ji.owm tasraacvK. a 
t4aa»h5y^«tto. 9 Mm hmmmm^'o^ts^^ 

m*. f IT, *a«fCJ:*^y F£«*©'Sy F©ttJ 
7J1CBILT. a3»F7«>i'«Ta«MtbTJt*bfct;: 
5, 8E*©-^y F©«^t;ttl73«0. 7 8 T$>-oft<0\z 
MLT, FttO. 9 5 £*5 2 «KV»aa4< 
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[0 0 6 4] £©«fc5K:, ««MHrt 1 3*<fc-afc»'&-C 
[0 0 6 5] 017(1 ttSIV]Ng& 1 . 0 Mm L 

t. 'ft&tDss'yViiit&hrcTFvrcmm-ehz. mi 7 

tzm-t&Stt&mw^y FCintf. ffiBEffiffil 3 3 
©fls s ft* © g $ * ST AW 7 X it ** A* 5 y * * » 

yHMUfttf, S^SSOCNy H SHAFTS 
[0 0 6 6] 12 1 8H *5fiWK*W-*XtT>/^^'\ 

v v^m^xn^.mn^m^t^>\z^x. ii/ht 

Xi±£0.8 LT$J£b7 v ciSSj|l£*T^iaT& 
-5. ©&#Tt£*©Xlf>A\ll/:/'\<.y K£ 

fl3ftT^5Ct!i*A»5. iinU 3 1 <£>P B 1BI 

5 2 *tfflE^Jgta^l*IROl@ 5 1 «t 0 fci* < tt£ S ft, 58 

^fcfcWCtttt^j^ft&U©"?, HOA^^AC-K 

[0 0 6 7] *SSfflE«»jK3*Jft«l©±K«Ji-r*C:i: 
<f5 (ft*: 1~5Q, ^BIHl Q«T) cnci 

[0068] mmm 3) 019 \t$tmm 1 stf 2 trie 

ffl^fcA- F^-f **£«©*«&BT**. *8@(if 
-YX^.lHlCfft6 4i:dn$S53gT'lHlg$ii--57>tf>h';U 
^-^ 6 5 £J#oT*S»3, X-TX^lHiett6 4KB- ft 

«c^L4KRtt <#*«Wett-8c) ©x-< X* 4 Ortiffi 



*£Btt*fc. r-f Xi74 0(D9\-m\Z'\y F©&S 
i*66ffllHlfeW6 2 tunSBlSt^^An-f 
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